Backgrounds/Aims: There are few guidelines for tailored immunosuppressive regimens for liver transplantation (LT) recipients with hepatocellular carcinoma (HCC). To establish long-term immunosuppressive regimens suitable for Korean adult LT recipients, we analyzed those that were currently in use at a single high-volume institution. Methods: This cross-sectional study comprises three parts including review of the immunosuppressive regimens used to manage 2,147 adult LT outpatients, review of LT recipients who were diagnosed of HCC at LT, and review of LT recipients who suffered from HCC recurrence. Results: In 1,000 adult LT recipients who were living more than 5 years with no adverse events, 916 received a calcineurin inhibitor (CNI)-based therapy (CNI only in 520; CNI with mycophenolate mofetil [MMF] in 396) and 84 were receiving an MMF-based therapy (MMF only in 45; MMF with minimal CNI in 39). Tacrolimus was preferred over cyclosporine for both monotherapy and combination therapy along the passage of posttransplant period. There was no difference in selection of immunosuppressants, target blood concentration, and rate of combination therapy between LT recipients with and without HCC, except for the first 1 year. Sirolimus-based regimens were applied in 21 patients who showed HCC recurrence. Sorafenib was often used after conversion to sirolimus. 
INTRODUCTION
Liver transplantation (LT) has been an established treatment for end-stage liver diseases for more than 20 years, but there are currently few institutional protocols on long-term immunosuppression. Furthermore, there are few practical guidelines for tailored or optimized immunosuppressive regimens for LT recipients with hepatocellular carcinoma (HCC). Especially in Korea, HCC is concurrently diagnosed in a half of explant livers. It is thus necessary to establish long-term immunosuppressive therapy protocols that will achieve long-term stability in adult Korean LT recipients. [1] [2] [3] Having performed ＞3,000 LT operations over the last 15 years, we feel that there is a real practical need to establish tailored long-term immunosuppressive regimens that are applicable in practice.
To optimize such regimens, we analyzed those that are currently in use at our high-volume single institution.
MATERIALS AND METHODS
This study comprises three parts: 1) a cross-sectional review of the immunosuppressive regimens used to manage all adult LT outpatients; 2) a cross-sectional study of LT recipients who were diagnosed of HCC at LT; and 3) a cross-sectional study of LT recipients who suffered from HCC recurrence.
Initially, we reviewed the immunosuppression status of 2,147 patients who visited our outpatient clinic regularly during the 15 months from October 2010 to December 2011. Of these cases, 1,000 adult LT patients who survived for more than 5 years posttransplant were also se- Our study protocol was approved by the institutional review board of our institution.
RESULTS
Initial cross-sectional study revealed that the im- During the study period, 10 patients with HCC recurrence were prospectively followed up in order to reveal the usage patterns of sirolimus. The target sirolimus level as sirolimus monotherapy was set to be 10 ng/ml at posttransplant 1 year and 5 ng/ml at 5 years. Within 1 month after detection of HCC recurrence, precedent CNI usage was converted to sirolimus with or without low-dose CNI.
Of them, 2 recipients were dropped out from sirolimus switching due to intractable side-effects. At first, high-dose sirolimus ＞10 ng/ml was attempted with anticipation of anti-tumor effect, but a half of patients could not tolerate such high concentration, thus being no longer attempted. Combination of sirolimus and sorafenib was successfully installed in 6 of 8 patients within 1 month after conversion to sirolimus monotherapy. Three of these 6 patients showed rapid progression of HCC leading to death, but other 3 patients showed at least no definite progression of HCC for more than 6 months. One of these 6 patients showed clinical acute rejection, thus sirolimus monotherapy was changed to sirolimus with reduced-dose tacrolimus.
DISCUSSION
This cross-sectional study shows that the use of long-term immunosuppressive regimens in adult LT recipients were slowly and carefully adjusted after considering the overall posttransplant clinical courses of each patient (e.g., episodes of late acute rejection, infection, graft dysfunction, renal function). 4 Our policy for long-term immunosuppression is to maintain immunosuppressant levels within a certain target range because immunosuppression at subtherapeutic levels for prolonged periods can induce subclinical graft damage and late graft dysfunction. [5] [6] [7] In fact, the withdrawal of immunosuppressive agents has been attempted in a few studies, most especially in pediatric patients, but their final outcomes appear to be unpromising and possibly even harmful. 8, 9 It is currently inevitable therefore that posttransplant period-adjusted immunosuppression will need to be maintained for life.
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The long-term side effects of various immunosuppressive agents need to be considered also. Because CNI is often associated with nephrotoxicity and metabolic syndromes, renal-sparing treatment is often possible with CNI-MMF combination therapy. In contrast, the target level of CNI is much lower after 5 years than it is in earlier periods, thus CNI-sparing effects are often diluted. 4 We currently suggest avoiding the use of combination immunosuppressive therapy after 10 years in order to prevent excessive immunosuppression. Recently, the role of a late liver biopsy after 10 years in LT recipients has become more important than before because various subclinical liver abnormalities have been reported. 5, 6 In this study, the most common immunosuppressive agent administered to adult LT recipients was tacrolimus.
Recently, the availability of 0.25 mg generic tacrolimus enabled us to meticulously adjust the trough level. The second-most common agent was MMF, but this agent has a wide range of bioavailability. We previously reported that the interindividual variability in MPA concentration is as wide as that of tacrolimus. 4 We emphasize the need for MPA TDM in order to provide reliable dosage adjustment and prevent under-or over-immunosuppression.
It is reasonable to reduce the target trough level of tacrolimus during the first year in HCC recipients because high CNI concentration is known to be a significant risk factor for HCC recurrence. 12 It was reported that the risk factors significantly and independently associated with HCC recurrence were exposure to higher levels of immunosuppression, preoperative serum alpha-fetoprotein ＞50 ng/ml, poorly differentiated histologic grading, and presence of microvascular invasion. 13 Special attention should be paid to the patients with above-mentioned risk factors of HCC recurrence as well the HCC patients beyond the Milan criteria.
In contrast, we did not find any statistical difference in immunosuppressant trough levels after first year regardless of presence of explant HCC. This trend is probably based on the timing of HCC recurrence, in which about two thirds of HCC recurrences occur within the first year and most of them also happen within the first 3 years.
Nowadays, sirolimus is more frequently used worldwide than before, especially to treat patients with HCC recurrence. The use of sirolimus-based immunosuppression regimens have been reported to reduce posttransplant HCC recurrence rates, although this is still a matter for debate. 15, 16 Furthermore, the effect of conversion to sirolimus after HCC recurrence was not demonstrated yet. 17, 18 For patients with HCC recurrence, sorafenib administration has been attempted after conversion to sirolimus.
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Sirolimus does not induce nephrotoxicity, thus sirolimus with or without reduced-dose MMF seems to be beneficial for patients who are unsuitable for MMF monotherapy due to MMF-associated side effects. 4, 23, 24 In 
